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Abstract

Adelgidae Life Cycle

Insects with complex life cycles provide an ideal system for
investigating the relationship between sex-skewing bacterial
symbionts and the secondary loss of sexual reproduction. This
research utilized the insect family Adelgidae, a group notorious for
having peculiar and complex life cycles. In this family, some
species have lost their sexual generation entirely, trapping them in
asexual reproduction. Additionally, these insects are known to
harbor multiple symbionts, both obligate and facultative. The array
of facultative symbionts that have been detected includes the
infamous sex-skewing symbiont Wolbachia. This symbiont is
known to induce male killing, cytoplasmic incompatibility, and
parthenogenesis in insects. Additionally, it may be maternally
inherited. These two aspects combined may ensure this bacteria is
exponentially more prevalent in future generations by inducing
asexual reproduction. This research aimed to determine whether
Wolbachia is inducing asexual reproduction in the adelgids and
thus whether a correlation between Wolbachia and asexual
reproduction exists in the adelgids. By employing molecular
techniques such as PCR and Sanger sequencing, we were able to
make the determination that no apparent correlation exists
between adelgid asexuality and the presence of Wolbachia as an
endosymbiont.

Sexual reproduction confers many advantages over asexual
reproduction, such as genetic recombination to enhance genetic diversity,
and removal of deleterious mutations. However, despite these advantages,
many species across Insecta exhibit asexual reproduction. The
mechanisms of asexuality are varied among insects, but one cause is
through the influence of facultative bacterial endosymbionts. A great
example of this is Wolbachia, notorious for inducing male killing,
cytoplasmic incompatibility, and inducing parthenogenesis in insects.
Wolbachia are ubiquitous among insects, where they may confer fitness
advantages and/or be self-serving. While primarily researched in
Holometabola, Wolbachia are found in other groups also, such as
Sternorrhyncha. Adelgidae are sternorrhyncha that feed on conifers. Like
many other sap feeders, adelgids are known to harbor obligate
endosymbionts, which provide nutritional supplementation. However,
facultative symbionts have yet to be reported from this group. Notably,
asexuality is common in adelgids, despite the negative effect it may have
on long-term lineage fitness. We have recently detected Wolbachia in an
asexual species of adelgid. We therefore hypothesized that Wolbachia
may contribute to the loss of sexual generations in some adelgid species
and populations. As a first step in testing this concept, we determined
which adelgid species and populations harbor Wolbachia, then performed
a correlational analysis to establish whether or not a relationship exists
between the presence of Wolbachia and asexual reproduction of adelgids.
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Hypothesis
Wolbachia contributes to asexuality in adelgids by creating a severely
distorted sex ratio bias, thus imposing asexual reproduction as the only
feasible reproductive option.

Asexual Reproduction

METHODS
Polymerase Chain Reaction Process

To test my hypothesis, I began by identifying, from published literature, which species and
populations of adelgids have lost their sexual generation. From there I assessed the samples already
available in the von Dohlen lab. I targeted both asexual and sexual adelgids from across the entire family,
ideally sampling from 40 different species and populations.
Once I assembled my samples, I extracted whole-genomic DNA from samples that hadn’t yet been
extracted. Then I performed PCR to detect Wolbachia DNA using specific primers for 16S ribosomal DNA,
a section of the bacterial genome used for identification. Positive and negative controls were run with every
PCR to eliminate results from false negatives or contamination. Gel electrophoresis was utilized to
determine success or failure of PCR. When I determined Wolbachia was present, I subsequently purified
and sent the product to Eton Bioscience for sequencing.
Sequences were received from Eton and were quality checked and assembled using the program
Geneious. My analysis then consisted of using the BLAST algorithm against the NCBI GenBank database
to identify these sequences, definitively determining the presence of Wolbachia. However, very few of the
sequences came back clean enough to draw definitive conclusions from. Given this, I sought to perfect the
PCR isolation of the 16S gene by redoing successful PCRs with an altered protocol. To date, I am still
trying to find the best protocol for Wolbachia 16S isolation in order to re-sequence so that viable
conclusions can be draw. In the meantime, I analyzed the few sequences that produced a BLAST match
greater than 75% and from these I was able to draw some loose conclusions.

Results
Positive for Wolbachia= P. strobi, and two A. lariciatus.
Negative for Wolbachia= P. boerneri, P. pini, and P. strobi.

CONCLUSIONS
The specimens which we tested that had a positive sequence for Wolbachia included adelgids from
both the species Pineus Strobi, and Adelges Lariciatus. These results for P. strobi supported our hypothesis
given that strobi is one of the asexual species of Adelgidae. Conversely, the presence of Wolbachia in
lariciatus, did not favor our hypothesis but also did not oppose it given lariciatus’ holocyclic reproduction,
which contains both sexual and asexual stages in its life cycle.
For the specimens which had sequences come back negative, we had three different species of
adelgids represented, two specimens of Pineus Boerneri, a Pineus Pini, and a Pineus Strobi. Having negative
sequences for these three species took a toll on our hypothesis as all of these species of Adelgidae happen
to follow strictly asexual reproductive pathways, and should therefore, by our hypothesis, contain Wolbachia.
Based on the data that we were able to obtain the few clean sequences we had, it can be deduced
that no apparent correlation exists between adelgid asexuality and the presence of Wolbachia as an
endosymbiont. However, our findings are by no means comprehensive given the financial restrictions and
time constraints that our research faced. The next step should time allow would be to perfect a protocol for
isolating the 16S gene for Wolbachia with both the WSP F1 and R1 primer pair as well as with the ftsZ F1 and
R1 primer pair. After 16S isolation has been perfected, new purifications and sequences would be run for all
samples. This data would then be analyzed in order to form a more exhaustive correlation between
Wolbachia presence and asexuality in adelgids. Limited resources prevented this secondary stage of
research from being conducted so the only conclusions to be drawn are from preliminary work.
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